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L OBJECTIVE 

A. GOAL 

The goal of these studies i s to de te rmine the permeabi l i ty P, diffusion 

coefficient D, and solubility CT" of ce r ta in gases such as hydrogen, argon, 

krypton and xenon in selected e l a s t o m e r s in the t e m p e r a t u r e range 100 to 

300°F. The ini t ia l t e s t s a r e aimed at confirming the sea l m a t e r i a l s e 

lect ion for the F F T F appl icat ion, subsequent t e s t s will be made to support 

the CRBRP P r o g r a m . 

B. PURPOSE 

A l a rge number of e l a s t o m e r sea l s will be required in the F F T F / 

CRBRP s y s t e m s to prevent significant gas leakage through the many 

pene t ra t ions . M e a s u r e m e n t of the permeabi l i ty is n e c e s s a r y in o r d e r to 

d e t e r m i n e the amount of radioact ive gases w^hich can reach the building 

a t m o s p h e r e by pe rmea t ion alone. Solubility data a r e n e c e s s a r y in o r d e r 

to pred ic t radia t ion damage to the e l a s t o m e r due to p re sence of dissolved 

radios io topes of these g a s e s . 

C. TECHNICAL APPROACH 

The appara tus used for de te rmin ing the solubility and permeabi l i ty 

of the above gases in se lected e l a s t o m e r s is shown schemat ica l ly in 

F igure 1 and p ic tor ia l ly in F igure 2. It cons is t s of two interconnected 

c h a m b e r s with the e l a s t o m e r under t e s t f i rmly affixed in the in te rcon

nection, thus c rea t ing two gas c h a m b e r s separated by the e l a s tomer . 

One chamber was filled with the t e s t gas to slightly m o r e than one a t m o s 

phe re p r e s s u r e . The o ther chamber was filled with he l ium to a sinailar 

p r e s s u r e . The pa r t i a l p r e s s u r e of the t e s t gas in the hel ium chamber 

was de te rmined per iodica l ly by a gas chromatograph . Using these 

m e a s u r e m e n t s in conjunction with the t i m e - l a g technique (References 1 

and 2), tlic solubility and permeabi l i ty of the gas in the e l a s tomer was 

ca lcula ted . 

FOIIM 719-P IlKV. 3-73 
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II. DESCRIPTION OF TEST 

A. DESCRIPTION O F TEST ARTICLE 

The t e s t spec imens consis ted of a d isc of the selected e l a s t o m e r , 

f i rmly affixed in the interconnect ion between the two c h a m b e r s , with a 

known c r o s s - s e c t i o n a l a r e a exposed to the gas . Two and one half inch 

d i a m e t e r d i scs nominal ly 0.080 inches thick were used for the t e s t s . 

B. TEST ENVIRONMENT 

One side of the e l a s t o m e r was exposed to the t e s t gas at slightly 

above a tmospher i c p r e s s u r e . The o ther side of the e l a s tomer was e x 

posed to he l ium at a s i m i l a r p r e s s u r e . The assembly was contained in 

an oven maintained at t e s t t e m p e r a t u r e s specific for the pa r t i cu l a r 

e l a s t o m e r . 

C. MEASUREMENTS PERFORMED 

The t e m p e r a t u r e of the e l a s t o m e r under t e s t was measu red and 

maintained a t a specified t e m p e r a t u r e within a to le rance of ±3°F for 

t e m p e r a t u r e s up to 200° F . T e m p e r a t u r e to le rances for t e m p e r a t u r e s 

g r e a t e r than 200° F was ± 4 ° F . In te rna l p r e s s u r e of the chamber s was 

mainta ined a t s e v e r a l m m Hg gauge and was measu red by s imple m e r 

cu ry m a n o m e t e r s . P r e c i s i o n was held at ±1 /2 m m Hg. The to ta l p r e s 

s u r e in each chamber was calculated using the b a r o m e t r i c p r e s s u r e 

dur ing the t e s t . The pa r t i a l p r e s s u r e of the t e s t gas was de termined 

chromatograph ica l ly with a p rec i s ion of ±15% for the low p r e s s u r e c h a m 

b e r and ±2% for the high p r e s s u r e chamber . The th ickness of the t e s t 

specimen was de te rmined with a m i c r o m e t e r to ±0.002 inch. The c r o s s -

sect ional a r e a of the e l a s t o m e r m e m b r a n e was calculated f rom the d i a m 

e t e r as m e a s u r e d by a m i c r o m e t e r to ±0.001 inch. Chamber volume was 

de te rmined with w a t e r to ±1 /2 m i . 

POllM 719-P iU'N. 3-73 



Atomics International Division NO. . T R - 7 0 7 - 8 10-005 
Rockwell International PAGE . 7 

D. INSTRUMENTS AND EQUIPMENT 

The t e s t appara tus used for these m e a s u r e m e n t s i s s i m i l a r to the 

appara tus previous ly employed to m e a s u r e the solubility and permeabi l i ty 

of xenon and ni t rogen in s i l icone, e thylene-propylene and ure thane e l a s 

t o m e r s at t e m p e r a t u r e s up to 200°F. A schemat ic drawing of this a p 

pa ra tus is shown in F igure 1. This appa ra tus , with tlie oven cover r e 

moved, is a l so shown pic tor ia l ly in F igure 2. The exposed view shows 

the two halves of the s ta in less s tee l pe rmea t ion c h a m b e r s . Located b e 

tween the two halves of the pe rmea t ion chamber s is a double faced flange 

which holds the e l a s t o m e r sample sealed and secured by f langes. 

This en t i re appara tus is enclosed within a the rmos ta t i ca l ly controlled 

oven held to within ±3°F of the specified t e m p e r a t u r e . The t e m p e r a t u r e 

of the e l a s t o m e r under t e s t is m e a s u r e d by use of s ta in less s tee l clad 

Chrome l -Alume l junct ions in contact with each side of the specimen. The 

emf ' s of these ca l ibra ted junct ions , re la t ive to a reference junction at 

32° F , a r e m e a s u r e d with a Rubicon Model 2745 potent iometer and a r e 

moni tored continuously during a run with a Hewle t t -Packard Model 7100B 

record ing po ten t iometer . 

P r e s s u r e in the pe rmea t ion chamber throughout the t ime of the out-

gass ing p rocedure is de te rmined with a National R e s e a r c h Corpora t ion 

the rmocouple gage. P r e s s u r e s in each of the permeat ion c h a m b e r s in 

the cou r se of a run a r e made with m e r c u r y m a n o m e t e r s separa ted f rom 

the appara tus by m e r c u r y t r a p s . 

One side of th is dual chamber appara tus is filled to a specified p r e s 

s u r e witli the gas o r mix tu re of gases for which the pe rmeab i l i t i e s and 

solubi l i t ies a r e de s i r ed . The o ther chamber , separa ted by the e l a s t o m e r 

under t e s t , i s filled with r e a c t o r grade hel ium. Ana lyses were performed 

at per iodic in te rva l s by taking sma l l aliquot samples (1.00 cc) f rom the 

heliuiTi chamber using a C a r l e gas sampling valve. The gas sample was 

then analyzed with a Va r i an -Aerog raph Model 1532-2B gas chromatograph 

to de t e rmine the pa r t i a l p r e s s u r e of the diffusant gas in the chamber . 

FOllM 719-P IIKV. 3-73 
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The chromatograph was ca l ibra ted against s tandardized mix tu res 

of the diffusant gas species mixed with r eac to r grade hel ium. Severa l 

such mix tu re s w e r e used; the concentra t ions of gases were chosen to 

b racke t the concentra t ion range of the gases to be measured in tlie 

pe rmea t ion / so lub i l i ty t e s t s . This yielded a ca l ibra t ion curve f rom 

which the concentra t ion of the diffusant gas in the chamber could be 

de te rmined . The gas ch romatograph was per iodical ly compared agains t 

th is ca l ibra t ion curve to mainta in i t s accuracy . 

III. RESULTS 

A. DATA ANALYSIS 

The t e s t s w e r e designed to m e a s u r e permea t ion of the t e s t gas 

through an e l a s t o m e r d i aphram under the conditions of tota l zero p r e s s u r e 

different ial since the p r e s s u r e in the receiving chamber (helium) was 

adjusted to approximate ly the p r e s s u r e existing in the adjacent chamber . 

Thus the driving force for pe rmea t ion of gas through the e l a s t o m e r m e m 

brane was the difference in p a r t i a l p r e s s u r e of the t e s t gas between the 

two c h a m b e r s . Ini t ial ly, the p a r t i a l p r e s s u r e of the t e s t gas in the 

sampling chamber was n e a r z e r o , the p r i m a r y component being r eac to r 

grade hel ium. This ini t ial concent ra t ion was establ ished exper imenta l ly 

by gas chromatograph ic ana lys i s at " t ime zero , " The per iodic sampling 

and ana lys i s of the gas (gases) in the hel ium chamber yielded the con

cen t ra t ion or pa r t i a l p r e s s u r e in th is chamber whose volume and total 

p r e s s u r e was known. Subsequently, the m a s s ra te of flow, in s tandard 

cubic c e n t i m e t e r s per unit t ime through an e l a s tomer of known geomet ry 

i. e, , c r o s s - s e c t i o n a l a r e a and th i cknes s , under the driving force of a 

known p a r t i a l p r e s s u r e was es tabl i shed for a specified t e m p e r a t u r e . 

T r e a t m e n t of this m a s s flow pe r unit t ime data yields the p e r m e 

abi l i ty , P , the diffusion coefficient, D, and the solubility of the gas , cr, 

in the e l a s t o m e r . As an i l lus t ra t ion , cons ider a typical example of m a s s 

flow v e r s u s t ime such as shown in F igure 3, When t « L, the concen

t ra t ion of t e s t gas in the sampling chamber is nea r zero , A largo fraction 

of the gas enter ing the e l a s t o m e r re ina ins there in until the e l a s t o m e r 

FOIIM 719-P mv. 3-73 
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a p j j r o a c h c s s a t u r a t i o n a s t h e s e p a r t i c u l a r c o n d i t i o n s of t e i n p e r a t u r e 

and p a r t i a l p r e s s u r e . F i n a l l y a t s o m e poin t w h e r e t > L a s t e a d y s t a t e 

c o n d i t i o n i s r e a c h e d w h e r e t h e m a s s o r s t a n d a r d v o l u m e flow p e r un i t 

t i m e i s c o n s t a n t , i . e . , t h e g a s flow in to t h e m e m b r a n e e q u a l s the f low 

f r o m t h e m e m b r a n e , t h e m e m b r a n e be ing s a t u r a t e d wi th the g a s . T h e 

p e r m e a b i l i t y , P , w a s c a l c u l a t e d f r o m t h i s l i m i t i n g s lope of d V / d t by 

t h e r e l a t i o n s h i p 

^ _ c m / s e c X d , . . ( 1 ) 
• ^ " A S P ~ 

w h e r e d i s t h e t h i c k n e s s of t h e e l a s t o m e r and A i s i t s c r o s s - s e c t i o n a l 

a r e a and A P i s t h e p r e s s u r e d i f f e r e n t i a l o r d r i v i n g f o r c e of d i f fusan t 

g a s a c r o s s the e l a s t o m e r m e m b r a n e . 

E x t r a p o l a t i o n of t h i s l i m i t i n g s l o p e b a c k to z e r o m a s s c o n c e n t r a t i o n 

of t h e d i f fus ing g a s in s a m p l i n g c h a m b e r y i e l d s t h e l ag t i m e , L . T h i s 

l a g t i m e L r e p r e s e n t s t h e t i m e r e q u i r e d fo r t h e e l a s t o m e r t o b e c o m e 

s a t u r a t e d w i t h t h e d i f fusan t g a s u n d e r t h e i d e a l i z e d c o n d i t i o n s t h a t a l l 

t h e g a s e n t e r i n g t h e e l a s t o m e r (a t a r a t e dV/dt ) r e m a i n s in t h e e l a s t o m e r 

u n t i l i t i s s a t u r a t e d a t w h i c h t i m e t h e g a s ex i t ing t h e m e m b r a n e e q u a l s 

t h e g a s e n t e r i n g t h e m e m b r a n e = dV/d t . 

T h e d i f fus ion coe f f i c i en t , D , c a n b e c a l c u l a t e d f r o m t h e t i m e l a g , 

L , f r o m t h e r e l a t i o n s h i p 

D - ^ . . . . ( 2 ) 

T h u s , h a v i n g P and D e x p e r i m e n t a l l y , the s o l u b i l i t y , cr, m a y be c a l c u 

l a t e d a s f o l l o w s : 

^ _ P 76 c m H g / a t m ,„ . 
r) • • • ^ ' 
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w h e r e tlie c o n s t a n t 76 c m H g / a t m i s app l i ed to ob ta in the so lub i l i t y a t a 

s t a n d a r d p r e s s u r e of 1 a t m o s p h e r e , 

B . T Y P I C A L C A L C U L A T I O N 

A c a l c u l a t i o n i s m a d e of a t y p i c a l e x a m p l e u s i n g t h e d a t a o b t a i n e d 

f o r h y d r o g e n wi th e t h y l e n e p r o p y l e n e ( P a r k e r S e a l No . 529) a t a t e m p e r 

a t u r e of 202° F , F o r e x a m p l e , t h e p e r m e a t i o n r a t e dV/d t w a s ob t a ined 

f r o m t h e s l o p e of t h e c u r v e of the v o l u m e of t h e p e r m e a t i n g g a s v s t i m e 

( s e e F i g u r e 4) . T h e p e r m e a t i o n r a t e in t h i s c a s e w a s 

dV/d t = 1.23 X 10"'* s td c m ^ / s e c . . . . (4) 

T h e s i l i c o n e e l a s t o m e r t h i c k n e s s (d) w a s 0 .171 c m and t h e c r o s s -
2 

s e c t i o n a l a r e a (A) e x p o s e d to t h e d i f fusan t g a s w a s 29 .4 c m . T h e 

p a r t i a l p r e s s u r e o r d r i v i n g f o r c e A P of t h e d i f fusant g a s , h y d r o g e n , 

w a s 10.0 c m of H g . T h e p e r m e a b i l i t y , P , c a l c u l a t e d f r o m t h e r e l a t i o n 

s h i p g iven in E q u a t i o n (1) i s a s f o l l o w s : 

- 4 3 •^ _ 1.23 X 10 c m / s e c x 0 ,171 c m 

29 .4 c m ^ X 10.0 c m Hg (AP) 

- 8 3 2 
= 7 . 1 5 x 10" Std c m g a s - c m / s e c / c m / c m Hg (AP) . , , . ( 5 ) 

T h e d i f fus ion coe f f i c i en t , D , w a s c a l c u l a t e d f r o m the l a g t i m e L , 

in t h i s c a s e 540 s e c , and t h e t h i c k n e s s of t h e m e m b r a n e by u s e of 

E q u a t i o n (2) 

2 
- , ( 0 .171 cirf _ - „ i n - 6 2/ ,,> 
P = 6 X 540 s e c = ^ - "^ ^ ^° c m / s e c . . , . ( 6 ) 

T h e s o l u b i l i t y w a s o b t a i n e d f r o m E q u a t i o n (3) u s i n g the v a l u e s of 

P and D ol^taincd in (5) and (6), r e s p e c t i v e l y , 

- 8 3 2 
_ _ 7 ,15 X 10 std c m g a s - c m / s e c / c i n / c m Hg x 76,0 c m Hg 

9.03 X 1 0 ' c m ^ / s e c 

3 3 
o = 0,60 std c m g a s / c m ' e l a H t o m e r 
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C. DATA PRECISION 

The p rec i s ion of the data p resen ted for the permeabi l i ty (P), the 

diffusion coefficient (D) and the solubility (<r) a r e examined with r e spec t 

to the m e a s u r e m e n t s taken. 

1, P e r m e a b i l i t y 

The pe rmeab i l i ty of the gas through the e l a s tomer is calculated 

in the " t i m e - l a g " technique by use of Equation (1). This entai ls d e t e r 

minat ion of the pe rmea t ion r a t e , dV/dt, f rom the slope of the m a s s or 

volume flow of the differing gaseous species through the e l a s t o m e r m e m 

b r a n e of th ickness d and having a c r o s s sect ional a r ea A under a p r e s s u r e 

gradient A P . The volume of the diffusing gas (at s tandard t e m p e r a t u r e 

and p r e s s u r e ) was de te rmined f rom its concentrat ion and volume in the 

low p r e s s u r e chamber , i. e, , V = (c) x (v). The concentra t ion (c) was 

de te rmined to a p rec i s ion of ±15%; the chamber volume (v) to ±0,25%, 

The th ickness of the e l a s t o m e r m e m b r a n e was measu red to within 

±0,001 inch. In genera l , the m e m b r a n e s used in these t e s t s w e r e 

0,080 in, thick, i. e. , thus the th ickness was de termined to a p rec i s ion 

of ' ^ 1 % . However , the g r e a t e s t source of uncer ta inty in d is due to 

nonuniformity of the th ickness of the t e s t specimen. Some t e s t spec i 

m e n s var ied as much as ±10% in th ickness . The th ickness used in these 

ca lcula t ions was de te rmined f rom an a r i t hme t i ca l average of s eve ra l 

mieasurements taken over the surface of the specimen. E r r o r in the 

m e a s u r e m e n t of the a r e a of the m e m b r a n e is a smal l factor , i. e, , 

±0,001 in. in a d i a m e t e r of 2.5 in. and can be neglected. However , the 

effective a r e a of the m e m b r a n e is g r e a t e r than the a r e a d i rec t ly exposed 

to the gas due to pe rmea t ion through the e l a s tomer under the edges of 

the c l amp. F o r thin spec imens used h e r e this factor is smal l , i. e, , of 

the o r d e r of ±2%, Las t ly , the p r e s s u r e gradient AP was de termined to 

a t l eas t ±1% or be t t e r . Thus the probable e r r o r in P at a given t e m p e r 

a tu re is of the o r d e r of ±18%). However , the t empe ra tu r e uncer ta in ty 

] 
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if of the o r d e r of ±3°F . The permea t ion ra te in a typical case va r i e s 

approximate ly 1% p e r degree F . Thus the data repor ted for P have a 

probable e r r o r of approximate ly ±20%. 

The permieabili ty data were t r ea t ed with a computer ized " leas t s q u a r e " 

calcula t ional method to obtain the bes t fit of log P as a function of 1K(°K) 
— R / T ° T̂  

in the fo rm P = AC where A and B a r e constants . Refined plots of 

log pe rmeab i l i t y vs 1/T(°K) for each of the e l a s t o m e r s were made . Each 

exper imenta l ly de te rmined value of P was also compared with the value 

calculated f rom the leas t squa res equation. 
2. Diffusion Coefficient 

The diffusion coefficient, calculated f rom Equation (2), is a function 

of the th ickness squared divided by the lag t ime L. However, as stated 

above, the th ickness may va ry a s much as ±10% in a given m e m b r a n e . 
2 

This would r e su l t in probable e r r o r of ±14% in the d t e r m . A s s e s s m e n t 

of the probable e r r o r in L is difficult because of the ve ry l a rge var ia t ion 

in L for the different gases arid the r a t h e r la rge variat ion with t e m p e r a t u r e 

F o r gases which have a high pe rmea t ion r a t e , such as hydrogen, pa r t i cu 

l a r ly at high t e m p e r a t u r e , the probable e r r o r in L can be very l a rge . 

3. Solubility 

In th is technique the solubility is de termined from the quotient of the 

pe rmeab i l i t y P" and the diffusion coefficient D (Equation 3). The re fo re , 

the probable e r r o r in a would be expected to exceed the probable e r r o r in 

P and D. 

The geomet ry of the samples has been selected in these t e s t s 

p r i m a r i l y to yield opt imum values for the permeabi l i ty P , i. e. , re la t ively 

thin l a rge specim.ens. As a consequence , the prec is ion l imi ts of the solu-

abili ty data in some c a s e s , pa r t i cu la r ly for hydrogen and argon, approach 

the t e m p e r a t u r e coefficient of solubility over the measu red tem.perature 
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range . This can resu l t in a la rge sca t t e r in the values calculated for CT. C a r e 

should be exe rc i s ed in drawing curves through the solubility data p resen ted . 

It is p re fe rab le to cons ider that the solubility of the gas l ies •within the range 

of values repor ted , 

D, TEST SPECIMENS EXAMINED 

Tes t s w e r e made of the pe rmea t ion ra te and solubility of e l a s t o m e r s of 

potent ial i n t e r e s t for applicat ion in the F F T F / C R B R P P r o g r a m . These include 

samples of Buna N, Buna S, butyl rubber , e thylene-propylene , po lyacry l ics , 

s i l icones and polyure thanes . Samples of e l a s t o m e r s f rom different vendors 

w^ere examined for corapar ison of t he i r permeabi l i ty and solubility. In some 

c a s e s d i f ferent formula t ions f rom a manufac tu re r were a lso compared . 

E. TEST RESULTS 

1. Buna N 

Four samples of th is e l a s t o m e r w e r e examined for permeabi l i ty , diffusion 

coefficient and solubility over the t e m p e r a t u r e range 100 to 250° F . Samples 

manufactured by Greene Tweed Company (969) samples of two different lots 

made by the Minnesota Rubber Company (3664, Samples No. 1 & 2) and a 

sample made by the P a r k e r Seal Company (N741) were tes ted . P lo t s of log 

P vs 1/T°K for these e l a s t o m e r s a r e given in F igu re s 5, 6, 7, and 8, r e s p e c 

t ively. In each ca se data for the permeabi l i ty of the gases H_, A r , Kr and 

Xe a r e given a s deter ra ined at each of the exper imenta l t e s t t e m p e r a t u r e s P _ 

The cu rves r ep re sen t ing the pe rmeab i l i ty for each of the gases were drawn 

f rom the equation (P = A + e" ^ ' where A and B a r e constants) de termined 

f rom leas t squares fit of the exper imenta l ly de termined points . A m e a s u r e of 

fit of each of the exper imen ta l data points (P„ ) is made by comparing the 

pe rmeab i l i ty (P., „) calculated f rom the l eas t squares equation (at the same 

t e m p e r a t u r e ) . The values for Pr^, P-r c ^^^1 ^o^ ^^^ constants A and B a r e 

given for each of the e l a s t o m e r s in F i g u r e s 5, 6, 7 and 8. 
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Data for the solubility range and for the diffusion coefficient for H^, A r , 

Kr and Xe at the exper imen ta l t e s t t e m p e r a t u r e s a r e given respec t ive ly in 

Tables 1 and 2, 

2. Buna S 

Two samples of the e l a s t o m e r Buna S were examined over the t e m p e r a -

.ture range 100 to 250° F . These w e r e samples manufactured by the Minnesota 

Rubber Company (480DR) and by P a r k e r Seal Company (G244), 

P l o t s for log P vs 1 / T ( ° K ) a r e given in F igures 9 and 10 respec t ive ly . 

The pe rmeab i l i ty P obtained f rom the t e s t s at th ree t e m p e r a t u r e s 101, 183 

and 251° F a r e a l so given. Cor responding values of the permeabi l i ty calculated 

f rom the leas t squa res equation (the constants A and B a r e given in F igu re s 9 

and 10) a r e a l so given. 

Solubility data for Hp, A r , Kr and Xe a r e given in Table 1. Values for 

the diffusion coefficient (D) a r e given in Table 3. 

3. Butyl Rubber 

One samiple of butyl rubber manufactured by the P a r k e r Seal Company 

(B318-70)was t es ted . P e r m e a b i l i t y data for H-,, A r , Kr and Xe a r e shown 

in F igu re 11. Cons tan ts for the l eas t squares equations and for calculated 

values of P . „ a r e a l so given. Data for the solubility range a r e given in 

Table 1; for the diffusion coefficient in Table 4. 

4. Ethylene -P ropy lene 

F o u r samples of e thylene-propylene e l a s t o m e r m a t e r i a l s were examined 

over the t e m p e r a t u r e range 100 to 300° F . These included samples made by 

Greene Tweed Company (952), Minnesota Rubber Company (559N) and two 

sample by the P a r k e r Seal Company (E529) and E692). 

P lo t s of log P vs 1/T(°K) for these four gases in these e l a s t o m e r s a r e 

given in F igu re s 12, 13, 14 and 15. Values for the constants in the leas t 

squa res equation a r c given. The exper imenta l de termined values of P_, and 

calculated values P „ a r c a l so repor ted . 
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Data for the solubili ty of H - , A r , Kr and Xe and for the diffusion 

coefficient of these gases a r e given in Tables 1 and 5 respect ive ly , 

5. Po lyac ry l i c 

Samples of polyacryl ic made by the Minnesota Rubber Company (335GA) 

and the P a r k e r Seal Company (A607) were tes ted over the t e m p e r a t u r e range 

100 to 300° F , Data for log P vs 1/T for the Minnesota Rubber and P a r k e r 

Seal polyacry l ics a r e given in F i g u r e s 16 and 17, Values for the constants in 

the l e a s t squa res equation of the data a r e a lso given. 

The solubility of these gases in these polyacryl ic e l a s t o m e r s is given in 

Table 1; the diffusion coefficient in Table 6, 

6. Silicone 

Silicone rubber spec imens made by the Greene Tweed Company (407), 

Minnesota Rubber Company (71417) and the P a r k e r Seal Company (S684) w e r e 

t es ted over the t e m p e r a t u r e range 100 to 300° F . 

Data for the pe rmeab i l i ty (P) a s a function of r ec ip roca l t e m p e r a t u r e 

( l / T ° K ) a r e given in F i g u r e s 18, 19 and 20, 

The solubility and diffusion coefficient of H_, A r , Kr and Xe in these 

si l icone e l a s t o m e r s a r e shown in Tables 1 and 7 respec t ive ly . 

7. Urethane 

The polyurethane e l a s t o m e r s made by Greene Tweed Company (379), 

Minnesota Rubber Company (FX522) and two by P a r k e r Seal Company (P642 

and P648) w e r e examined over the t e m p e r a t u r e range 100 to 200°F. 

Data for the pe rmeab i l i ty of H^, A r , Kr and Xe in these e l a s t o m e r s a r e 

given in F i g u r e s 21 , 22, 23 and 24. Solubility of these gases a r e shown in 

Table 1; the diffusion coefficient is given in Table 8. 
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IV. SUMMARY OF RESULTS 

The permeabi l i ty , diffusion coefficient, and solubility of hydrogen 

argon, krypton and xenon, were de te rmined over the t empe ra tu r e 

in te rva l 100 to 300 °F in s e v e r a l different e l a s tomer m a t e r i a l s of i n t e r 

es t to the F F T F / C R B R P Cover Seal P r o g r a m , These ma te r i a l s 

include Buna N (ni t r i le) . Buna S, butyl, e thylene-propylene , s i l icone, 

and ure thane r u b b e r s . The permeabi l i ty (P) for each of these gases in 

the e l a s t o m e r is compared at a t e m p e r a t u r e of 150 °F , in Table 9, As 

a group the sil icone e l a s t o m e r shows the highest permeabi l i ty to these 

gases ; Buna N and ure thane the lowes t . In a l l c a s e s , excepting the s i l i 

cone e l a s t o m e s , the per ineabi l i ty of H-, was g r e a t e r than the noble gases 

at 150 °C, In the si l icone e l a s t o m e r s the permeabi l i ty of the noble gases 

in some ca se s (par t icu lar ly Xe) exceeds the permeabi l i ty of H^, Sur 

pr is ingly , in al l c a s e s , except two, the permeabi l i ty of Xe exceeds the 

permeabi l i ty of Ar ( e . g . , s i l icone, Greene Tweed, 407 and u re thane , 

P a r k e r Seal , P642). In the major i ty of cases P > P ^ at this t e m 

p e r a t u r e . This sugges ts that specific interact ions occur between the 

e l a s t o m e r and the noble gas pene t r an t s , the in teract ion being g r e a t e r 

with the l a r g e r , m o r e polar izable xenon. 

The permeabi l i ty data obtained for hydrogen is compared with data 
(4) 

in the l i t e r a tu re for the e l a s t o m e r s Buna S, butyl and sil icone rubbers 

at a m b i e n t - t e m p e r a t u r e (Table 10), In each case it can be seen that the 

values for P obtained in th is work a r e s imi l a r to the value repor ted in 
(4) the l i t e r a t u r e . The pe rmeab i l i t i e s for the different manufac ture rs for 

the Buna S and si l icone e l a s t o m e r b racke t the l i t e ra tu re va lue . 

'i^For compar i son at othejr t e m p e r a t u r e see the individual f igures of the 
Ar rhen ius plots of log P v s 1/T(°K) 
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The diffusion coefficient (D) was highest for the sil icone e l a s t o m e r s 

lowest for the ure thane s a m p l e s . The diffusion coefficient in genera l , 

was approximate ly the same in H^ and in the noble g a s e s . 

The solubility of H->, Ar , Kr and Xe was highest in the silicone 

e l a s t o m e r s lowest in the Buna N rubbers except Xe which had its lowest 

solubil i ty in butyl rubbe r . 
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TABLE 1 

SOLUBILITY OF GASES IN ELASTOMERIC MATERIALS 

E l a s t o m e r 

Buna N (969) 
Buna N (366Y)No. 1 
Buna N (366Y) No. 2 
Buna N (N741) 

Buna S (480DR) 
Buna S (G244) 

Butyl (B318-70) 

E P R (952) 
EPR(559N) 
E P R (E529) 
EPR(E692). 

Po lyac ry l i c (335GA) 
Po lyac ry l i c (A607) 

Silicone (407) 
Silicone (71417) 
Silicone (S684) 

Ure thane (379) 
Ure thane (FX522) 
Ure thane (P642) 
Ure thane (P648) 

Vendor 

Greene Tweed 
Minnesota Rubber 
Minnesota Rubber 
P a r k e r Seal 

Minnesota Rubber 
P a r k e r Seal 

P a r k e r Seal 

Greene Tweed 
Minnesota Rubber 
P a r k e r Seal 
P a r k e r Seal 

Minnesota Rubber 
P a r k e r Seal 

Green Tweed 
Minnesota Rubber 
P a r k e r Seal 

Greene Tweed 
Minnesota Rubber 
P a r k e r Seal 
P a r k e r Seal 

T e m p e r 
a ture 
Range 
(°F) 

100-250 
100-250 
100-250 
100-250 

100-250 
100-250 

100-250 

100-300 
100-300 
100-300 
100-300 

100-300 
100-300 

100-300 
100-300 
100-300 

100-200 
100-200 
100-200 
100-200 

Solubilit 
(cm^ g a s / c m 

y Range 
3 e l a s tomer ) 

G a s 

H2 

0. 14-0. 32 
0. 09-0 .24 
0. 04-0. 42 
0. 08-0. 26 

0. 30 -1 . 09 
0. 10-0 .46 

0 .29 -0 . 69 

0. 10-0. 39 
0. 16-0. 39 
0. 60-0 .85 
0. 31-0 .44 

0. 19-1 .41 
0 . 8 0 - 1 . 53 

0 .46-0 . 71 
0. 7 0 - 1 . 62 
1 .05-3.29 

0 .27 -0 . 37 
0 . 4 7 - 1 . 11 
0 . 4 0 - 0 . 4 5 
0 .03 -0 . 25 

A r 

0. 01-0 .03 
0. 02-0. 09 
0 .04 -0 . 11 
0. 01-0. 07 

0 .07 -0 . 11 
0. 02-0. 16 

0. 08-0. 12 

0. 07-0. 10 
0 .05 -0 . 10 
0. 11-0. 19 
0. 11-0. 14 

0. 09 -0 .21 
0 . 0 8 - 0 . 2 1 

0 . 2 8 - 0 . 8 2 
0. 38-0 .52 
0 .29 -0 . 91 

0 .07 -0 . 08 
0. 06-0. 10 
0. 07-0. 15 
0. 04-0 .31 

K r 

0 .09 -0 . 12 
0. 11-0. 17 
0. 18-0. 22 
0. 05-0. 24 

0. 32-0 .49 
0. 08-0 .23 

0. 14-0 .23 

0 . 2 2 - 0 . 2 7 
0. 12-0. 20 
0 . 0 7 - 0 . 4 3 
0. 12-0 .24 

0 .20 -0 . 64 
0 .36 -0 . 69 

0 . 2 9 - 0 . 8 8 
0 . 8 6 - 1 . 74 
0. 95-1 .94 

0. 14-0. 24 
0. 16-0.40 
0. 08-0. 35 
0 . 2 2 - 0 . 58 

Xe 

0 . 2 0 - 0 . 2 7 
0 . 2 5 - 0 . 4 6 
0 .29-0 . 33 
0. 14-0. 36 

0 .41-0 . 65 
0 . 0 4 - 0 . 3 1 

0. 11-0.21 

0 .22-0 . 38 
0 . 2 8 - 0 . 5 4 
0 .27 -0 . 64 
0. 38-0. 91 

0. 31 -1 . 14 
0. 53-0. 93 

0. 16-1 . 10 
0 . 3 3 - 1 . 2 1 
1. 55-3 . 53 

0 .24 -0 . 50 
0 . 2 4 - 0 . 5 6 
0. 14-0. 52 
0. 33-0. 51 

> 
o 



TABLE 2 . DIFFUSION COEFFICIENT (D) OF H2, A r , 
Kr and Xe IN BUNA N ELASTOMERS 

Greene Tweed 
(969) 

T e m p e r 
a ture 
(°F) 

101 
178 
250 

101 
178 
250 

101 
178 
250 

101 
178 
250 

D 
(cm2/sec ) 

7 ,18-7* 
3,06-6 
6,16-6 

1.55-6 
2.54-6 
5.60-6 

9.11-8 
8.95-7 
4.20-6 

4 .77-8 
5.15-7 
2.19-6 

Minnesota Rubber 
(366Y, No. 1) 

T e m p e r 
a ture 
CF) 

101 
179 
251 

101 
179 
251 

101 
179 
251 

101 
179 
251 

D , 
( cm^/sec ) 

Minnesota Rubber 
(366Y, No. 2) 

T e m p e r 
a tu re 
(°F) 

Hydrogen 

6.60-7 
6.24-6 
1.42-5 

101 
171 
244 

Argon 

4.21-7 
5.70-6 
1.18-5 

101 
171 
244 

Krypton 

2.37-7 
1.74-6 
5.33-6 

101 
171 
244 

Xenon 

1.21-7 
7.37-7 
3.37-6 

101 
171 
244 

D 
(cm2/sec) 

6.40-7 
3.10-6 
7.87-1 

3.72-7 
2.01-6 
5,43-6 

2.44-7 
1,46-6 
3,83-6 

1.52-7 
1.00-6 
3.07-6 

P a r k e r Seal 
(N741) 

T e m p e r 
a ture 
(°F) 

101 
178 
251 

101 
178 
251 

101 
178 
251 

101 
178 
251 

D 
(cm2/sec) 

5.70-7 
2.42-6 
1.17-5 

1.01-6 
5.73-6 
1.26-5 

6.07-8 
1.16-6 
5.42-6 

4.30-8 
7.80-7 
2.83-6 

*_7 = X 10 , e t c . 
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TABLE 3. DIFFUSION COEFFICIENT (D) OF H2, Ar , 
Kr and Xe IN BUNA S ELASTOMERS 

Minnesota Rubber 
(480 DR) 

T e m p e r a t u r e 
(°F) 

101 
180 
253 

101 
253 

101 
180 
253 

101 
180 
253 

D 
(cm2/sec ) 

P a r k e r Seal 
(G 244) 

T e m p e r a t u r e 
(°F) 

Hydrogen 

7 .76-7" 
4.44-6 
1.42-5 

101 
183 
251 

Argon 

1.48-6 
9.48-6 

101 
183 
251 

Krypton 

6.26-7 
2.56-6 
6.46-6 

101 
183 
251 

Xenon 

4.96-7 
1.92-6 
4.40-6 

101 
183 
251 

D 
(cm^/sec) 

4.69-6 
5.47-6 
1.16-5 

2.33-6 
5.47-6 
8.72-6 

9.21-7 
3.93-6 
6.20-6 

3.69-7 
2.66-6 
5.58-6 

* -7 = X 10" , e t c . 
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T A B L E 4. D I F F U S I O N C O E F F I C I E N T S (D) O F 
Hz , A r , Kr and Xe IN 

B U T Y L R U B B E R 

P a r k e r S e a l 
( B - 3 1 8 - 7 0 ) 

T e m p e r a t u r e 
( °F) 

D 
( c m ^ / s e c ) 

H y d r o g e n 

95 
180 
255 

5.59-7=;= 
2 .16 -6 
3 .95 -6 

A r g o n 

95 
180 
255 

1.44-7 
7 . 7 2 - 7 
3 .24-6 

T e m p i e r a t u r e 
( °F) 

D 
( c m ^ / s e c ) 

K r y p t o n 

95 
180 
255 

8 .11 -8 
7 .21 -7 
2 .43 -6 

X e n o n 

95 
180 
255 

5 . 0 1 - 8 
6 .28 -7 
1.83-6 

• 7 = x l O -7 
e t c . 
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T A B L E 5. D I F F U S I O N C O E F F I C I E N T S (D) O F H z , A r , 
K r and X e IN E P R E L A S T O M E R S 

G r e e n e T w e e d 
(952) 

T e m p e r 
a t u r e 
C F ) 

101 
202 
307 

101 
202 
307 

101 
202 
307 

101 
202 
307 

* -6 = x l C 

D 
( c m 2 / s e c ) 

1 .58-6* 
1.88-5 
1.42-5 

1.24-6 
5 . 8 1 - 6 
2 . 3 6 - 5 

6 . 3 1 - 7 
4 . 3 0 - 6 
1.46-5 

4 . 4 4 - 7 
2 . 9 3 - 6 
1.18-5 

) ' , e t c . 

M i n n e s o t a R u b b e r 
(559N) 

T e m p e r 
a t u r e 

( °F) 

101 
202 
302 

101 
202 
302 

101 
202 
302 

101 
202 
302 

D 
( c m ^ / ' s e c ) 

P a r k e r S e a l 
(E529) 

T e m p e r 
a t u r e 
C F ) 

H y d r o g e n 

3 .76-6 
1.13-5 
1.89-5 

101 
202 
309 

A r g o n 

1.87-6 
1.17-5 
5 . 2 3 - 5 

101 
202 
309 

K r y p t o n 

1.18-6 
7 . 5 6 - 6 
2 . 7 2 - 5 

101 
202 
309 

X e n o n 

7 . 0 9 - 7 
5 .27-6 
1.84-5 

101 
202 
30 9 

D 
( c m 2 / s e c ) 

1,35-6 
5 .62-6 
2 . 3 2 - 5 

1.37-6 
5 .15 -6 
2 . 1 8 - 5 

8 .07-7 
4 . 1 2 - 6 
2 .54 -5 

6 . 4 0 - 7 
3 .53-6 
2 . 2 5 - 5 

P a r k e r S e a l 
(E692) 

T e m p e r 
a t u r e 
( °F ) 

100 
201 
304 

100 
201 
304 

100 
201 
304 

100 
201 
304 

D 
( c m 2 / s e c ) 

1,07-6 
5 .75 -6 
1.94-5 

1.18-6 
8 .96-6 
1.94-5 

7 .77 -7 
7 . 3 5 - 6 
1.66-5 

4 . 1 6 - 7 
3 .80-6 
1.21-5 

13> O n 
: ^ 
^ 
IL 
3 
fD 
-^ 
-) 
W 
a 
O 
3 
Q) 
•— 

B 
H 
o 
(0 
a ^ M 

2. 
o - 1 
3 
a f* 

o 3 
09 

O 
< 

w 
o 3 



Atomics International Division 
Rockwell International 

NO. . T R - 7 0 7 - 8 1 0 - 0 0 5 
PAGE . 24 

T A B L E 6. D I F F U S I O N C O E F F I C I E N T S (D) O F IIz , ^ r , 
K r and Xe IN P O L Y A C R Y L I C E L A S T O M E R S 

M i n n e s o t a R u b b e r 
(335 GA) 

T e m p e r a t u r e 
C F ) 

99 
150 
199 
301 

99 
150 
199 
301 

99 
150 
199 
301 

99 
150 
199 
301 

D 
( c m 2 / s e c ) 

P a r k e r S e a l 
(A 607) 

T e m p e r a t u r e 
C F ) 

H y d r o g e n 

* 
9 . 6 1 - 7 
4 . 6 4 - 6 
4 . 8 5 - 6 
8 .89-6 

100 
195 
307 

A r g o n 

7 . 9 0 - 7 
2 .13 -6 
5 . 6 1 - 6 
1.33-5 

100 
195 
307 

K r y p t o n 

3 .72 -7 
1.57-6 
2 . 8 1 - 6 
8 .89 -6 

100 
195 
307 

X e n o n 

1.78-7 
9 .52 -7 
2 . 1 3 - 6 
5 .08 -6 

100 
195 
307 

D 
( c m 2 / s e c ) 

5 .13 -7 
2 .18 -6 
6 .06-6 

7 .05 -7 
4 . 8 3 - 6 
1.56-5 

3 .45-7 
2 .51 -6 
6 .77 -6 

2 .06 -7 
1.57-6 
5 .88-6 

.7 = x l O " e t c . 

FOIIM 719-P lU'lV. 1-7T 



Atomics International Division 
Rockwell International 

NO. . T R - 7 0 7 - 8 1 0 - 0 0 5 
PAGE . 25 

T A B L E 7. D I F F U S I O N C O E F F I C I E N T (D) OF H^, A r , 
K r and X e IN S ILICONE E L A S T O M E R S 

G r e e n e T w e e d 
(407) 

T e m p e r 
a t u r e 
( °F) 

100 
204 
303 

100 
204 
303 

100 
204 
30 3 

100 
204 
203 

D 
( c m 2 / s e c ) 

1.32-5=:< 
3 .38 -5 
1,22-4 

1.56-5 
1.84-5 
1.01-4 

8 .69-6 
1.52-5 
4 . 0 9 - 9 

6 .68 -6 
1.29-5 
1.52-4 

M i n n e s o t a R u b b e r 
(71417) 

T e m p e r 
a t u r e 
( °F ) 

D 
( c m ^ / s e c ) 

H y d r o g e n 

100 
197 
301 

3 .98-6 
1.00-5 
1.10-4 

A r g o n 

100 
197 
301 

Kry] 

100 
197 
301 

1.10-5 
2 .06 -5 
3 .88-5 

Dton 

5 .74 -6 
1.27-5 
1.83-5 

X e n o n 

100 
197 
301 

6 .00 -6 
1.57-5 
6 . 6 0 - 5 

P a r k e r Sea l 
(S684) 

T e m p e r 
a t u r e 
( °F) 

101 
195 
313 

101 
195 
313 

101 
195 
313 

101 
195 
313 

( c m ^ / s e c ) 

8 .03-6 
4 . 0 8 - 6 
1.42-5 

1.21-5 
1.24-5 
2 . 6 8 - 5 

7 .42-6 
7 .41-6 
1.79-5 1 

1 

5 .88-6 
5 .18-6 
1.34-5 

* -5 = X 10 
-5 

e t c . 
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TABLE 8 . DIFFUSION COEFFICIENT (D) OF H , , Ar , Kr and Xe 
IN URETHANE ELASTOMERS 

Greene Tweed 
(379) 

T e m p e r 
a tu re 
(°F) 

100 
151 
201 

100 
151 
201 

100 
151 
201 

100 
151 
201 

* - 7 = X 

D 
(cm^/sec ) 

-•-
4.35-7"" 
1.24-6 
2.38-6 

1.87-7 
9.25-7 
2.27-6 

1.49-7 
5.56-6 
1.45-6 

7.61-8 
3.77-7 
9.41-7 

10"'^, e t c . 

Minnesota Rubber 
(FX522) 

T e m p e r 
a tu re 
{°F) 

100 
152 
200 

100 
152 
200 

100 
152 
200 

100 
152 
200 

D 
(cm^/sec ) 

P a r k e r Seal 
(P642) 

T e m p e r 
a tu re 
CF) 

Hydrogen 

2.85-7 
1.13-6 
9.95-7 

103 
151 
202 

Argon 

2.18-7 
9.33-7 
9.95-7 

103 
151 
202 

Krypton 

1.12-7 
7.68-7 
9.09-7 

103 
151 
202 

Xenon 

8.10-8 
4.10-7 
7.47-7 

103 
151 
202 

D 
(cm^/sec ) 

4 .36-7 
1.75-6 
3.45-6 

1.24-7 
7.61-7 
1.39-6 

1.13-7 
8.48-7 
9,21-7 

9.47-8 
6,59-7 
8.22-7 

P a r k e r Seal 
(P648) 

T e m p e r 
a ture 
(°F) 

102 
152 
201 

102 
152 
201 

102 
152 
201 

102 
152 
201 

D 
(cm^/sec) 

3.25-7 
8.67-7 
1.41-5 

3.17-8 
1.85-7 
1.92-6 

3.49-8 
1.83-7 
6.32-7 

3.10-8 
1.56-7 
4.84-7 
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TABLE 9 

COMPARISON OF PERMEABILITY (P) OF H^, Ar , Kr AND Xe 

THROUGH ELASTOMERS AT 150°F 

E l a s t o m e r 

Buna N (969) . 
Buna N (3 66Y)no. 1 
Buna N (366Y)no. 2 
Buna N (N741) 

Buna S (480DR) 
Buna S (G244) 

Butyl (B318-70) 

EPR (952) 
EPR(559N) 
E P R (E529) 
EPR(E692) 

Po lyac ry l i c (335GA) 
Po lyac ry l i c (A607) 

Silicone (407) 
Silicone (71417) 
Silicone (S684) 

Ure thane (379) 
Ure thane (FX522) 
Urethane (P642) 
Ure thane (P648) 

Vendor 

Greene Tweed 
Minnesota Rubber 
Minnesota Rubber 
P a r k e r Seal 

Minnesota Rubber 
P a r k e r Seal 

P a r k e r Seal 

Greene Tweed 
Minnesota Rubber 
P a r k e r Seal 
P a r k e r Seal 

Minnesota Rubber 
P a r k e r Seal 
Greene Tweed 
Minnesota Rubber 
P a r k e r Seal 

Greene Tweed 
Minnesota Rubber 
P a r k e r Seal 
P a r k e r Seal 

P e r m e a b i l i t y (P) x 10"^ 

(Std cm^ 
at 150°F 

g a s - c m / s e c - c m - cm Hg AP) 
G a s 

H2 

4.00 
5.00 

10. 5 
3.52 

18,0 
17,5 

6,30 

10. 0 
16,5 
34. 5 
14. 0 

13.5 
16. 0 

155 
105 
195 

4 .95 
5. 50 
7.98 
2 .24 

A r 

0.47 
1.25 
1. 10 
0. 52 

3.20 
1.25 

0.47 

3,45 
5,75 
7,00 
5,25 

2. 15 
2 ,85 
72 
87 
55 

0,74 
0. 56 
1,35 
0 .43 

K r 

0.57 
1.52 
2. 11 
0 .86 

8 . 2 
2. 99 

0,80 

5. 55 
7.05 

11. 0 
5. 60 

4. 50 
5.20 

110 
105 
135 

1.20 
1. 30 
0. 97 
0. 70 

Xe 

0,69 
1.80 
2 .45 
1.02 

6.90 
5.00 

0.65 

4. 65 
12,0 
13.5 
10.5 

4 .40 
4 .85 

66 
140 
195 

1.45 
1. 65 
0. 72 
0, 78 
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TABLE 10 

PERMEABILITY OF HYDROGEN IN BUNA S, BUTYL, AND 
SILICONE ELASTOMERS, COMPARED 

WITH LITERATURE DATA'" 

E l a s t o m e r 

Buna S 

Buna S 

Buna S 

Butyl 

Butyl 

Silicone 

Silicone 

Silicone 

Silicone 

Manufacture r 

Minnesota Rubber , (480DR) 

P a r k e r Seal G244 

* 
Vendor unknown. L i t e r a tu re 

P a r k e r Seal , B318-70 

* 
Appanol B-200, L i t e r a tu re 

Greene Tweed, 407 

Minnesota Rubber , 71417 

P a r k e r Seal , S684 

Vendor unknown. L i t e r a tu re 

=;<See Reference 4 

P 
3 2 (Std cm g a s - c m / s e c - c m -cm Hg^P) 

4.8 

2.8 

4.0 

0.95 

0.64 

42 

18 

85 

66 

FOIIM 719-P lU'JV. 3-73 
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THERMOCCJUPLES 

MANOMETER 

TEST GAS 
(Xe, Kr, Ar, Hj, etc.) 

MANOMETER 

GAS 
CHROMATOGRAPH 

Figure 1. Schemat ic D iag ram of Gas Pe rmea t ion Apparatus 
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TIME (sec) 

Figure 4. P e r m e a t i o n Rate of Hydrogen Through Ethylene-Propylene 
E l a s t o m e r ( P a r k e r Seal No, 529 at 202° F) 
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Figure 5. Log P vs 1/T(°K) for U^, Ar , Kr, and Xe for Buna N Rubber, 
Greene-Tweed C o , , Compovind 969 
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Co, , Buna N, Compound 366Y 
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Figure 21 . Log P v s 1/T(°K) for Hz, A r , Kr, and Xe for Urethane Rubber, 
Greene Tweed C o . , Compound 379 
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Figure 22. Log P vs 1/T(°K) for H2, Ar , Kr, and Xe for Urethane Rubber 
Minnesota Rubber C o . , Compound FX522 
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Figure 23 . Log P v s 1/T (°K) for Hz, Ar , Kr, and Xe for 
P a r k e r Seal Urethane (P64 2) 
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Figure 24. Log P v s 1/T(°K) for Hz, Ar, Kr, and Xe for Urethane Rubber, 
Parker Seal Co. , Compound P648 


